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SOLID  LUBRICANTS  FOR  IMPROVED  WEAR  RESISTANCE 


A.  OBJECTIVE 

This  program  was  for  development  of  superior  extreme 
pressure,  antiwear,  thermally  stable  lubricants  and  lubricant 
additives  for  use  in  both  conventional  and  corrosion  resistant 
metal  surfaces.  It  was  the  objective  of  this  task  to  extend 
the  useful  life  of  Navy  lubricated  bearings,  seals,  splines, 
aircraft  arresting  cables,  and  sliding  metallic  surfaces. 
Lubricants  for  corrosion  resistant  metals  are  particularly 
desirable  because  the  use  of  these  metals  in  corrosive 
environments  is  often  precluded  by  the  lack  of  lubricants 
suitable  under  these  conditions. 

B.  INTRODUCTION 


The  approach  investigated  in  this  program  was  a  follow-up 

to  an  earlier  study  carried  out  at  Pennwalt's  laboratories  with 

partial  support  by  the  U.  S.  Navy  and  where  a  number  of  complex 
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metal  chalcogenides  had  been  examined  for  their  performance 

as  extreme  pressure  and  antiwear  additives  in  greases,  solid 

film  lubricants,  and  fluids.  As  extreme  pressure  and  antiwear 

additives,  these  complex  chalcogenides  had  been  found  superior 

to  simple  sulfides,  including  M0S2.  One  composition,  arsenic 

thioantimonate  was  a  particularly  outstanding  solid  lubricant 

and,  therefore,  became  the  subject  of  much  characterization  and 
2 

evaluation.  When  the  safety  of  all  inorganic  arsenic 
compounds  came  under  question,  further  development  of  arsenic 
thioantimonate  was  terminated.  However,  under  that  program 
other  promising  leads  had  been  uncovered  and  which  were  then 
selected  for  additional  studies  in  a  subsequent  effort  whose 
results  are  summarized  in  this  report.  Of  particular  interest 
was  antimony  thioantimonate  (SbSbS^)  which  received  special 
attention  in  this  study.  Other  promising  materials  described 


-1- 


in  this  report  include  cerium  and  zinc  oxythiomolybdates. 
While  SbSbS^  was  found  to  be  an  outstanding  extreme  pressure 
lubricant  additive  with  unique  antiabrasive  properties,  the 
oxythiomolybdates  were  noteworthy  for  their  antiwear 
characteristics  and  high  thermal  stability. 

C.  ANTIMONY  THIOANTIMONATE  -  SbSbS. 

4 

1.  General 


Laboratory  synthesis  and  performance  data  on  SbSbS^ 

are  described  in  detail  in  the  attached  copies  of 

publications  (Appendix  I  and  II) .  The  preparative  method 

reported  in  Appendix  I  represents  an  improved  reaction 

route  with  greater  simplicity,  reproducibility,  product 

priority,  and  higher  yield  compared  with  the  original 
3 

method.  Commercial  production  of  SbSbS^  should  be 
possible  without  a  major  process  development  effort.  A 
cost  estimate  for  the  production  of  several  million  pounds 
of  SbSbS^  has  shown  that  this  product  can  be  made 
available  at  a  price  comparable  to,  and  possible  lower 
than,  that  of  molybdenum  disulfide,  M0S2. 

2.  Field  Tests 


Field  tests  with  greases  containing  SbSbS 4  are  being 
carried  out  by  the  Marine  Corps  at  Camp  Lejeune,  NC,  on 
high  mobility  vehicles.  Another  series  of  field  tests  is 
expected  to  start  shortly  at  a  Marine  Corps  base  in 
California. 

Test  results  to  date  from  Camp  Lejeune  (after  about 
one  year  of  use  in  heavy  duty  vehicles)  indicate  that 
grease  with  SbSbS^  as  an  additive  is  greatly  superior  to 
the  standard  GAA  grease  used  by  the  military. 
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3. 
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Aircraft  Arresting  Cables 

The  Naval  Air  Engineering  Center,  Lakehurst,  NJ ,  is 
evaluating  greases  containing  SbSbS^  on  arresting  cables 
used  on  aircraft  carriers.  Major  improvements  including 
longer  cable  lives  and  less  slippery  decks  are  sought. 

This  application  study  is  sponsored  by  NAEC  (contract 
N68335-81-C-5280 ) ;  however,  the  ONR  program  provides  the 
necessary  basic  technical  underpinning. 

4 .  Toxicology 

Because  greases  containing  SbSbS^  have  advanced  to 
the  field  test  stage,  we  have  obtained  acute  oral  and 
dermal  toxicity  data  on  this  compound  which  indicate  that 
it  is  nontoxic.  All  animals  survived  at  an  oral  dose  of  5 
g/kg  (rats)  and  a  dermal  dose  of  2  g/kg  (rabbits) ,  were 
normal  clinically,  and  gained  weight  throughout  this 
study.  Skin  and  eye  irritation  tests  also  indicate  that 
the  compound  is  substantially  benign.  Arrangements  have 
been  made  with  the  Naval  Medical  Research  &  Development 
Command  for  a  90-day  subchronic  dermal  study  which  is 
expected  to  be  completed  by  early  1983. 

D.  CERIUM  OX YT H I OMOL Y B DAT E S 

1.  General 


Numerous  attempts  to  prepare  cerium  thiomolybdate , 
Ce2(MoS^)2»  gave  products  with  elemental  analysis 
corresponding  to  cerium  oxythiomolybdate  complexes, 

Ce2 (Mo°xS4.x) 3*nH20'  where  x  =  1-3.  These  complexes  were 
evaluated  for  lubricant  properties  in  a  lithium  base 
grease  and  found  to  exhibit  good  antiwear  properties  on 
both  chrome  tool  and  stainless  steels.  These  results 
prompted  our  further  study  of  the  synthesis,  character- 
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ization,  and  evaluation  of  cerium  oxy thiomolybdate 
complexes.  A  number  of  reactions  were  carried  out  using 
three  different  routes  but  in  all  cases  the  reaction 
products  were  found  to  be  non-stoichiometric .  It  was  not 
clear  whether  this  non-stoichiometry  reflected  the 
particular  nature  of  complex  sulfides  involving  cerium  and 
molybdenum  or  was  due  to  lack  of  suitable  reaction 
conditions.  The  three  reaction  routes,  the  resulting 
compositions,  and  their  performance  as  lubricant  additives 
are  summarized  below. 

2.  Reaction  of  ammonium  molybdate  with  hydrogen  sulfide 


(NH . ) ^ MO_0_ . • 4H_0  +  nH.S  — > 
46  724  2  2 

3 (NH4)MoOxS4_x  +  2CeCl3*7H20 


(NH4 ) 2MoOxS4_x  +  by-products 
— >  Ce2 (MoOxS4_x) 3 ■ nH20  +  by-products 


Analysis  of  the  cerium  complex  reaction  products 
showed  variable  ratios  of  sulfur  to  cerium  depending  on 
the  particular  experiment.  A  large  supply  of  cerium 
complex,  prepared  by  the  above  reaction  sequence  for 
detailed  evaluation  and  characterization,  approximated 
Ce2 (MoO^  2S2  g)3*6H20  by  elemental  analysis.  The  material 
was  found  to  be  amorphous  by  X-ray  diffraction. 

Tables  I  through  IV  summarize  the  performance  data  of 
Ce(MoO^  2S2  g ) 3 • 6H20  as  a  lubricant  additive  at  various 
concentrations  primarily  in  a  lithium  grease.  For 
reference  purposes,  the  lubricating  properties  of  greases 
containing  5%  MoS2  are  also  listed.  On  chrome  tool  steel 
52100  the  weld  point  of  the  base  grease  containing  5% 
cerium  complex  is  comparable  to  that  of  the  grease 
containing  MoS2;  however,  the  load  wear  index  and  wear 
prevention  characteristics  of  the  grease  containing  the 
cerium  complex  are  definitely  superior  (Table  I) .  On 
stainless  steel  440-C  the  grease  containing  5%  cerium 
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complex  again  shows  superior  antiwear  characteristics  and 
comparable  extreme  pressure  properties  to  those  of 
molybdenum  disulfide. 


A  lithium  grease  containing  a  mixture  of  1%  SbSbS^ 
and  1%  Ce2 (MoO^  2S2  8^3*^H2°  was  a^so  evaluated.  The 
objective  of  this  experiment  was  to  see  whether  such  a 
combination  could  impart  both  extreme  pressure  and 
antiwear  properties  to  the  base  grease  at  a  low  level  of 
additive  concentration.  The  results  are  recorded  in 
Tables  I,  II,  and  III  and  show  that  this  combination  at  a 
total  concentration  level  of  2%  greatly  improves  the  EP 
and  antiwear  properties  of  base  grease. 

The  concentration  effect  (0.1  to  5%)  of  the  cerium 
complex  in  a  lithium  grease  on  the  wear  prevention 
characteristics  is  shown  in  Table  IV.  The  scar  diameters 
on  chrome  tool  steel  are  quite  small  and  do  not  show  much 
concentration  dependence  as  indicated  by  very  little 
change  in  the  wear  scar  diameters  of  the  greases 
containing  0.5  to  5%  of  the  cerium  complex.  In  the  case 
of  stainless  steel,  there  is  a  definite  trend  of 
increasing  wear  scar  diameters  with  decreasing 
concentration  of  the  cerium  complex. 

The  cerium  complex  was  also  evaluated  in  an  aluminum 
complex  grease.  The  Shell  Four-Ball  weld  points  and  load 
wear  indices  of  this  grease  containing  5%  MoS2  and  5% 

Ce2 (MoO^  2S2  8) 3*6H20  are  recorded  in  Table  I.  It  appears 
that  the  cerium  complex  shows  slightly  superior  EP 
performance  to  MoS2. 
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Reaction  of  Sodium  Molybdate  with  Sodium  Sulfide 


Na2MoO^  •  2H2O  +  3Na2S  — >  Na2MoC>xS^_x  +  by-products 

3Na_.MoO  S.  +  2CeCl,*7H-0  — >  Ce  (MoO  S.  ),*nH~0  + 

2  x  4-x  3  2  x  4-x  3  2 

by-products 

Because  of  difficulties  encountered  in  controlling 
the  flow  of  hydrogen  sulfide  in  the  reaction  with  ammonium 
molybdate,  sodium  molybdate  was  treated  with  sodium 
sulfide  to  produce  a  solution  of  sodium  oxy thiomolybdate . 
The  sodium  oxy thiomolybdate  solution  was  then  treated  with 
a  cerium  trichloride  solution  at  different  pH  ranges. 

None  of  the  product  analyses  correspond  to  the  expected 
cerium  to  molybdenum  ratio.  No  additional  work  on  this 
reaction  was  carried  out. 

4 .  Reaction  of  Sodium  Molybdate  with  Cesium  Acetate 

Na2MoO^ • 2H2O  +  CsOAc  H2S^  Cs2MoOS2  +  by-products 
3Cs2MoOS2  +  2CeCl2*7H20  — >  Ce2(MoOS3)2  +  by-products 

The  synthesis  of  cesium  oxy thiomolybdate ,  Cs~MoOS.., 

5  2  i 

was  carried  out  as  reported  in  the  literature  by  reaction 
of  cesium  acetate  with  sodium  molybdate  followed  by 
passing  hydrogen  sulfide  through  the  reaction  mixture  at 
pH  10. 


Attempts  were  then  made  to  prepare  Ce2 (MoOS^) 2*nH2° 
starting  from  CS2M0OS2.  In  our  first  attempt,  an  aqueous 
solution  of  CeCl2*7H20  was  added  to  an  aqueous  solution  of 
Cs2MoOS2  in  2:3  molar  ratio  at  room  temperature.  A  light 
brown  solid  was  isolated  (about  50%  yield)  whose  analysis 
(Ce:Mo:S  =  2: 2. 2: 5. 7)  did  not  correspond  to  the  expected 
composition,  Ce2  (MoOS^)  ^ ’nH2C!*  However,  its  extreme 
pressure  and  antiwear  properties  in  a  lithium  grease  are 
superior  to  those  of  the  sample  obtained  from  ammonium 
oxythiomolybdate  (Figure  I) . 


Thermogravimetric  Analysis  of  CS2M0OS.J  and  Selected 
Samples  of  Cerium  Oxythiomolybdate  Complexes 

a.  Cesium  Oxythiomolybdate  -  CS2M0OS.J 

Thermogravimetric  analysis  of  cesium 

oxythiomolybdate  was  carried  out  both  in  air  and 

nitrogen  at  a  heating  rate  of  5°C/minute.  Tnis 

product  was  selected  for  thermal  study  because  it  has 

a  well  defined  composition  and,  therefore,  it  can 

provide  information  on  the  expected  thermal  stability 
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of  complexes  containing  the  MoOS^  anion.  As  shown 
in  Figure  II,  the  material  is  remarkably  stable  both 
in  air  and  nitrogen.  With  the  exception  of  a  slight 
weight  loss  of  about  2%  at  280°C  followed  by  gradual 
weight  gain  of  up  to  4%  around  410°C  in  air,  there  is 
no  change  until  600 °C.  Under  nitrogen,  there  is 
essentially  no  change  in  weight  up  to  600°C;  a  very 
slight  deflection  showing  less  than  2%  weight  loss 
between  300  and  500 °C  may  be  attributed  to  the 
presence  of  impurities. 

b.  Cerium  Oxythiomolybdate  Complexes  Prepared  by 
Different  Methods 


Two  samples  of  cerium  oxythiomolybdate  complexes 
prepared  from  ammonium  oxythiomolybdate  and  cesium 
oxythiomolybdate,  respectively,  were  selected  for 
thermal  study  in  air.  The  TGA  curves  are  shown  in 
Figure  III.  The  initial  weight  loss  up  to  300°C  for 
both  samples  may  be  attributed  to  water  and  this 
appears  to  be  consistent  with  the  elemental  analysis. 
The  two  samples  show  different  modes  of  decomposition 
with  increasing  temperatures.  The  complex  prepared 
from  CS2M0OS2  shows  weight  gain  from  400  to  600°C 
whereas  the  complex  prepared  from  ammonium 


oxy thiomolybdate  shows  a  slight  weight  gain  between 
350  and  380°C,  followed  by  a  weight  loss  of  about  8% 
from  380  to  450°C.  Both  complexes  appear  to  be 
stable  up  to  400°C  in  air  after  dehydration. 

ZINC  THIO-  AND  OXYTHIOMOLYBDATES 


1 .  General 

Synthesis  and  characterization  of  three  stoichiometric 
zinc  thio-  and  oxythiomolybdates  -  ZnMoS4*3H20,  ZnMoOS^ • 3H20 , 
and  ZnMo02S2 • 3H20  -  and  their  corresponding  anhydrous 
compositions,  was  more  successful.  The  compositions  showed 
considerable  promise  as  antiwear  additives  especially  for 
high  temperature  use  on  stainless  steel.  For  example, 
ZnMo02S2  was  found  to  be  much  superior  to  MoS2  as  an  extreme 
pressure  and  antiwear  additive  in  lithium  grease  and  was 
stable  in  air  up  to  400°C  (750°F) . 

The  following  sections  describe  the  synthetic  pro¬ 
cedures  for  these  compositions.  Table  V  lists  the 
performance  data  of  both  hydrated  and  anhydrous  zinc 
complexes.  The  thermogravimetric  analysis  of  ZnMo02S2  in 
air  is  shown  in  Figure  IV. 

2.  Preparation  of  ZnMoS4*3H20  and  ZnMoS^ 

ZnCl2  +  (NH4)2MoS4  in  H2°s)  ZnMoS4*3H20  +  2NH4C1 

ZnMoS .  •  3H,0  '^f^2hrS>  ZnMoS.  +  311,0 
4  2  m  N  4  2 

A  sample  of  5.0  g  (NH4)2MoS4  (prepared  as  described 
in  the  literature®)  was  dissolved  in  100  ml  distilled 
water.  The  resulting  solution  was  slowly  added  with  an 
aqueous  solution  of  ZnCl2  (2.6  g  in  20  ml  distilled 
water) .  A  black  solid  formed  immediately.  The  reaction 


mixture  was  then  stirred  for  two  hours  at  room  temperature 
and  filtered.  The  solid  product  was  washed  with  acetone 
and  dried  at  110°C  for  four  hours  (5.3  g  or  75%  yield). 
X-ray  diffraction  indicated  that  this  material  was 
amorphous . 

Calculated  for  ZnMoS4*3H2<D:  Zn,  19.0;  Mo#  27.9;  S,  37.3 

Found:  Zn,  19.6;  Mo,  28.6;  S,  37.9 

The  anhydrous  material  was  prepared  as  indicated  above. 

3.  Preparation  of  ZnMoC>2S2  •  3H20  and  ZnMoC>2S2 

ZnCl2  +  (NH4)2MoQ2S2  in  H2°>  ZnMoC^S  • 3H  O 

ZnMoS .  •  3H-.0  j50°C-/2fars^.  ZnMo0  s  +  3H  0 
4  2  in  N  2  2  2  2 

An  aqueous  solution  of  ZnCl2  (5.38  g  in  50  ml 
distilled  water)  was  slowly  added  to  a  solution  of 
(NH4)2Mo02S2  (9.0  g  in  100  ml  distilled  water;  the 
compound  was  prepared  as  described  in  the  literature6'"7) 
resulting  in  slightly  exothermic  reaction.  A  dark  brown 
solid  formed  immediately.  The  reaction  mixture  was 
stirred  for  one  hour  at  room  temperature  and  then 
filtered.  The  black  solid  was  washed  with  distilled  water 
and  dried  at  110°C  for  three  hours  (6.6  g  or  66%  yield). 
X-ray  diffraction  indicated  that  this  solid  was  amorphous. 

Calculated  for  ZnMo02S2 • 3H20:  Zn,  21.0;  Mo,  30.8;  S,  20.6 

Found:  Zn,  23.9;  Mo,  29.8;  S,  23.4 

The  anhydrous  material  was  prepared  as  indicated  above. 


+  2NH.C1 
4 
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4. 


Preparation  of  ZnMoOS^  •  3H20  and  ZnMoOS^ 
Cs2MoOS3  +  ZnCl2  in  H2Qy>  ZnMoOS3»3H2Q  +  2CsCl 


ZnMoOS, • 3H,0  .  M 

3  3  in  N- 


ZnMoOS  3  +  3H20 


A  solution  of  15.4  g  Cs~(MoOS7)  (prepared  as 
described  in  the  literature  )  in  100  ml  distilled  water 
was  treated  with  a  ZnCl2  solution  (4.4  g  in  30  ml 
distilled  water) .  The  reaction  mixture  was  reflexed  for 
1.5  hrs.  A  brown  solid  deposited.  The  solid  product  was 
isolated  by  filtration,  washed  twice  with  distilled  water 
and  dried  at  105°C  for  three  hours  (10.2  g) .  X-ray 
diffraction  indicated  that  this  solid  was  amorphous. 


Calculated  for  Zn (MoOS3) • 3H20:  Zn,  20.0;  Mo,  29.3;  S,  29.3 

Found:  Zn,  23.4;  Mo,  30.1;  S,  29.2 


The  anhydrous  material  was  prepared  as  indicated  above. 

5 .  Toxicology 

Some  toxicology  tests  were  carried  out  on  ZnMo02S2 • 3H20 
with  favorable  results,  as  follows: 


Skin  irritation  test:  Non  irritating 


Eye  irritation  test:  Mildly  irritating  without  washout 
Acute  dermal  LD50  (rabbits)  >2g/kg 
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Table  I 


Shell  Four-Ball  Weld  Points  and  Load  Wear  Indices1 


of  Cerium  Oxythiomolybdate^  in  Lithium  and  Aluminum 
Complex  Greases  on  Chrome  Tool  Steel  Balls  (AISI-52100) 


Grease  Composition 

Weld  Point 
kg 

Scar  Diameter 
Before  Weld 
mm  (kg) 

Load  Wear 
Index 

Lithium  Grease 

140 

2.64  (126) 

18.3 

Lithium  Grease  + 

5%  MoS2 

250 

2.90(224) 

30.4 

Lithium  Grease  + 
Complex 

5%  Cerium 

250 

2.02(200) 

41  .4 

Lithium  Grease  + 

+ 

1%  SbSbS4 

1%  Cerium 
Complex 

400 

1.61(315) 

59.5 

Aluminum  Complex 

Grease  (ACG) 

100 

2.10(70) 

11.8 

ACG  +5%  MoS2 

190 

2.24  (160) 

35.5 

ACG  +  5%  Cerium  Complex 

200 

2.10 (160) 

40.2 

1.  ASTM-D-2596 

2.  Ce2(MoOi.2s2.8^ 3‘6h2° 


Table  II.  Shell  Four-Ball  Weld  Point  and  Load  Wear  Index^ 
of  Cerium  Oxythiomolybdate^  in  Lithium  Grease 
on  Stainless  Steel  Balls  (AISI-440C) 


Grease  Composition 

Weld  Point 
kg 

Load  Wear 
Index 

Lithium 

Grease 

80 

3.5 

Lithium 

Grease 

+ 

5% 

MoS2 

100 

6.1 

Lithium 

Grease 

+ 

5% 

Cerium 

Complex 

100 

10.4 

Lithium 

Grease 

+ 

1% 

SbSbS4 

and 

1% 

Cerium 

Complex 

140 

11.8 

Table  III.  Shell  Four-Ball  Wear  Prevention  Characteristics  of 
Lithium  Grease  Containing  Additives  on  Chrome  Tool 
Steel  Balls  (AISI-52100)  and  Stainless  Steel  Balls 
(AISI-44QC) 


Wear  Scar 

Wear  Scar 

Diameter  on 

Diameter  on 

52100  Balls 

440-C  Balls 

Grease  Composition  mm _  mm 


Lithium 

Grease 

0.70 

3.96 

Lithium 

Grease 

+ 

5% 

MoS2 

0 . 65 

2.34 

Lithium 

Grease 

+ 

5% 

2 

Cerium  Complex 

0.40 

1.38 

Lithium 

Grease 

+ 

1% 

SbSbS4  and 

1% 

Cerium  Complex1 2 

0.43 

0.34 

1.  ASTM-D-2266  -  1200  rpm,  167°F,  40  kg  for  one  hour 

2.  Ce2(Mo01>2S2.8)3*6H20 


Table  IV.  Effect 

of  Concentration  of 

Ce2 (M0O1.2S2.8) 

3-6H2O  in 

Lithium 

Grease  on  Wear  Scar 

Diameters^ 

Wear  Scar 
Diameter  on 
52100  Steel 
Balls 

Wear  Scar 
Diameter  on 
S.S.  440C 
Balls 

Grease  Composition 

mm 

mm 

Lithium  Grease 

0.70 

3.96 

Lithium  Grease  +  0 , 

1%  Cerium  Complex 

0.59 

2.64 

Lithium  Grease  +  0. 

5%  Cerium  Complex 

0.39 

2.47 

Lithium  Grease  +  11 

Cerium  Complex 

0.40 

2.26 

Lithium  Grease  +  3% 

Cerium  Complex 

0.40 

1.84 

Lithium  Grease  +  5% 

Cerium  Complex 

0.41 

1.38 

1.  ASTM-D-2266  -  1200  rpm,  167°F, 

40  kg  for  one 

hour 
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Scar  Diameter 


Figure  I.  Wear  Scar  Diameter  vs.  Load 

(52100  Steel  Balls;  25°C,  1800  rpm,  10  sec.) 

I.  Lithium  Grease 

II.  Lithium  Grease  +  5%  Ce2  (MoOxS^_x)  ^  * n^O  prepared 
from  ammonium  oxythiomolybdate 


III.  Lithium  Grease  +  5%  Ce2  (MoOxS4_x)  3  •  nl^O  prepared 
from  cerium  oxythiomolybdate 

III 


0 . 25 


0.15  h 


.  /  / 
•  / 

/  / 


— I - 1 - 1 i - 1 - 1 - 1 - 1 — 1 — 1 — I _ 1 _ L  _i  ....  J  J _ t 

1 5  20  2C  30  40  50  60  70  100  150  200  250  300  400  500 

Load,  kg 


Figure  II.  Thermogravimetr ic  Analysis  of  CS2M0OS3  in  Air  and  Nitrogen 


Temperature 


Figure  III.  Thermogravimetric  Analysis  in  Air  of  Cerium  Oxy thiomolybdate 
Comp lexe s  Prepared  By  Two  Different  MetTrods  '  " 


Temperature 


Figure  IV.  Thermogravimetric  Analysis  of  ZnMoC>2S2  in  Air 
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Temperature 
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ASLE  TRANSACTIONS 


Investigation  of  Extreme-Pressure  and  Antiwear 
Properties  of  Antimony  Thioantimonate 

|  WIEN  I*  KIM.  iMcihIhi.  AM  I  p  ,ui<l  V.WKsH  ASMEROM 
IVmnv.ilt  (  pit  puiaumi 
Kiiiu  < >1  I’liissiu.  Peiuissh.iuiu  I‘i|OI. 


/>.  I’llh  <1  ,1  uiih  '  tin  i;,lni/f  >\  nil ,  ,, ..  in,  ■.,<  It  ir.iitinii  it  ini  ,  .  ul 
’(..  Ri'ii  .  •/  i  m  1 1  iln  >n\  liihni  n  ’,  an 'tin  h  .  V'N'iN  .  'hi,  .  in  .  i,  .  in  t  ii  it  i  ill 
I  hi  liinni  jiiim  ii\  i" nitii,  \  i  hi  1 1 1 1 1  a*  nti/i  ..'ii  ini  tiiiii  i/  b\  h  mlit/inii 
Inn  ibltittfn/i  n lithntj  \i  ij  inihl  liitiini.iil  tnlilili.t  in  .iii/ii in 
Inti'll,  tin \  lltit/itliil  1  \hlhit'  Ulfiillni  ,\ti,ni.  fn.  Mill,  mill  inllt 
■.inn  tni'ln  I/Ii  .  in  ‘ii  H/|.||..'||,|, ,/  ill  til,  l  mn  li.i/l  .,  t  III  fit, nth  mi, l 

bull!  linn  /nil  \I  >  "I,  Ill'll.  \/\/  TJ/.m  1/S  /  T  TUT  .r,,A 

\nrm  .ni\  thii .ii  l/m, 'imli  n/ifit-in '  ,'it  h,  ni/nfiitlthlt  ;ntli  nil  /Jin  bti\, 
nil,, a i  nr.  i  it/ifi/h  j  i  m  I  ml  i  n  if  n  '/lit, mi  ifmi'i •  m  nlttili  mi 
'ii/./ili;  1 1  >/iii;i  if i ’< ><l  ii  'pnii'i 

INTRODUCTION 

t  ,onlmuuii>  iiiluinr'  in  let  lnioloi>s  rt'i|inu'  die  devel¬ 
opment  ul  Inlnn.ini  sssiems  i.tpulile  ul  iiieciitii:  die  <  li.il- 
It’IIHf  pifselllfd  In  111.  If.lsllll'  speeds.  Iiiul)  lo.uU  .uni  ev¬ 
il  ernes  ul  nnipeiaiine.  I  illiniums  mas  ,iUu  In-  ici|uued  in 
I  uni  i  h  hi  in  I  ui;li  \  .ii  mull  ul  i  hi  msis  c  cm  n  nn  infills  .mil  in 
exhibit  broad  ifsjxmsf  In  \ .ii  inns  imi.iU  .mtl  ulloss  1  here 
is  .1  tuiii.il  lift’d  Ini  fllfiuvf  snliil  lulu  it  .inis  in  .uur.iti, 
sliip.  niinini;  .mtl  nil  ihiHuis;  ei|iiipmeiit.  .uul  spate  \ t-liu  It- 
purls  m  Imtf  i  1 1  ii  l  mu.  pi  rx  fill  i  iint.it  i  surl.it  cs  In  mi  t\f  Id¬ 
lin'  mid  i  t-t  Ii  ii  t-  fiifitf'  rf(|iHifiiifiils.  I  In-  snliil  lulu  it  unis 
i  niiniioiils  list’d  Ini  ilit’sf  purposes  are  ipuplule  .mil  nio- 
Ulidfiiuiu  disulfide.  '.  lit'  use  nl  t»i upliiif  us  solid  lulirituni 
h.is  i c il.iiii  <li un liui  Iss  in  some  .  pplit minus  liei uusc  ol  lim- 
II, Hull's  Sill  ll  US  y.lls.lllit  <  III Tl.sjol).  lid  fss.ll  \  presence  lit 
uuit  i  mpor  nr  hsdrntarlxin  in  order  lu  lie  elleitite  und 
uusulislnt  mi  v  performance  in  tutuum  MuMidctuun  <li- 
swllulf  is  in  shun  suppls.  I  'here  uif  leu  solid  lulu  it  unis 
■nuilulilf  Indus  l liui  c .in  liimtinii  projierls  under  Ini'll  In, id 
Ii  is.  iherelore.  essenliul  lliul  elleilise  repl.it eiuents  lor 
these  mult’ li.ils  lie  found  und  m.ide  usuiiuhle. 

A  nuinbet  o|  toiiiplcs  iuei.il  <  hah  nijeiiides  pres  mush 
ssnihesi/ed  were  examined  (/I.  (2).  (5 1.  (  / >  hn  llien  per- 
tni  ill. ilu  e  us  cMrenie-piessure  und  numveni  additives  in 


Presented  a*  an  Amarlcan  Society  of  Lubrication  Engineer*  pa  par 
at  the  ASME  ASLE  Lubrication  Confarenca  in  San  Franciaco, 
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Ul  eases.  snliil  - 1 1  Ini  lulu  ii  unis  und  Ihuds  Vs  c  sue  ine-pre'- 
stiie  .mil  unlntf.u  uddilitt  s.  dtc't  ((implex  i  huh  oi'ctiides 
utif  supfi  mi  in  simple  still  ides,  im  luiliun  MnS  ( >ne  intn- 

posll  loll.  Ul  St’ 111!  lluoulll  mini  I. Ilf - Vs  lilt  ll  Vt  us  Ufll  <llul.lt- 

lei  i/ftl  und  fsnhi  ut’d  i_’i — it  us  PuukI  lu  |>f  ,ui  nuisi,i!idiiu> 
solid  luln  u  uni  \\  lie u  die  s.ilfis  nl  .ill  inni  yunii  ursfiiit 
t oiiipoiinds  i, line  iiiidtl  <|ues(ioii,  dfselnpiiif ill  n|  ursenit 
ihin.inliiiioiinif  tt.is  i  t-r  mi  i  i.n  t-t  I 

A  Minis  it. is  dit  n  iiudci  taken  lu  dele i  linin’  die  poleiiti.il 
u|  .tut  mini  is  ihiunniuiinii.Uf.  NhShS  .  us  ,i  solid-lulu  iiuni 
udihiisf.  1  Ins  ifpmi  i use i s  investigation  nl  die  hihiituiing 
pinpellles  nl  SliSbS.  in  suiluils  gi  eases.  Of  puilltul.il  III- 
Iflf'l  It  die  dflflllplllflll  nl  ,l  lull!  II  ,1111  f  I  lei  list-  Ini  use 
st  n h  (hrunie  mol  und  si. unless  steels. 

Experimental 

Preparation  of  Antimony  Thioantimonate 

Aniinions  duu.mlinioii.ite  ttus  prepured  (rum  utjueous 
solution  In  u  pret  ipit.it ton  pinteduif  sunilur  in  ih.it  used 
in  prepare  ursenit  lhio.iniiiiuni.iie  t/i.  An  alkaline  solution 
ul  Slit)  st, is  utlded  In  un  .iijut’i ms  si i|u! mn  nl  sodium 
t  Im  i.int  nut  mute  iN'u  ShS  dH  ( ) ) .  (lie  resulting  sululimi  it. is 
lilleretl  in  leinose  u  sin. ill  .iinnuiii  nl  NuShiOlli,,  und  die 
lilt i .lie  st, is  slnsth  lieuliuh/ed  nidi  u  phosphoric  utiil  so- 
lutinii  iiiulei  nitrogen  atmosphere.  ( Hstlrnt  him  ii  or  sul- 
I tit  it  ut  id  eouhl  ulso  lie  used.!  A  prei  i|>ilnle  uus  loimed. 
lilleretl.  stashed  seserul  limes  nidi  distilled  statei.  uhohtil. 
utfione,  und  tuition  mirai  him  ulc.  mid  dried  in  sat  no  at 
73  (.  In  must, nil  weigh;.  Sodium  lliiouiilimonutf  su/ulion 
stus  piepured  In  it-fluxing  a  mixiuie  nl  sodium  suilide. 
siillui  uud  uiitminus  irisulhdf  W:  1 .113: 1  mnl.ii  ruliol  in  un 
uipifi ms  medium  uiidei  a  uinogcn  uimnspherf .  Aliei  most 
ni  die  sulfur  hud  disappeared,  die  le.itlion  prnduil  uus 
lilleretl  in  remove  die  estess  siillui.  and  die  lilliule  stus 
tomliined  st  it h  an  allsuline  snluiinn  nl  umimnin  oxide.  I  he 
tiserall  reaction  mas  he  lepiesemed  as  follosts: 


Slit)  +  2 KOI  I  +  •-’Nu.MiS,  +  8|| 
L’ShShS,  +  2K  +  l  >N  a  +  .311  () 


urn 


I  WUN  r  klM.  \\[I  Vuisll  AsMfkOM 


lht*  antniinm  trisulhde  ot  07-pot tin  pimtv  .mil  die 
molv Iwlenum  disulfide  was  of  let  lmti.il  t£i  ade 

Selection  of  Base  Greases 

l  oin  !um  ^umm'n  irpieseuim^  .1  hn M(l  s j mh  ii  mu  of  the 
iuduslii.it  i;u  ,im  '  nsrd  (od.tv  lu  te  selet  led  hn  use  in  eval¬ 
uatin';  antmiouv  dunuiiimionuie  lest  samples  writ  pic- 
paied  In  iiuxim;  appmpnatc  amounts  of  .ulilum  and 
ijiimm'  u  xpu  ssrd  m  wt  pi-linn >  on  a  ilmr  loll  null  toi 
’»  passes.  Details  ol  the  I  use  m eases  ale  ^iveii  in  1  able 
I 

Test  Methods 

h'lU  Hull  I  ,VM 

1  he  e\! i eme-pi essm t  and  antiweai  piopeities  ol  the 
Hieases  wet e  detei  mnie<l  on  shell  him  Hall  M*  and  Weai 
lesteis.  I  iiese  testeis  pi  ovule  l<»i  sliding  steel  \s  steel 

I  Alsl-.'»2100  \ s  AISI-.VJ  |nu  and  \lsl- 1  UK  vs  \|sl-  |  |ii(  i 
w  nh  spheru  al  spe<  unetis.  Weld  points  and  loa<l  we.ii  indexes 
wei  i  t let iTti lined  m  a  sei  it  s  ot  urns  i  |u  s.  !  S00  i  pm.  77  I- 1 
toiuhutetl  .it  \arioiis  loads,  and  star  diaineteis  weie  meas- 
uietl  aftei  eat  h  run  in  attordame  widi  AS  I  M  D  2.’*0h. 
Weai  pi  evemton  t  haiat  tel  istu  s  weie  tlelet  mined  i>\  meat- 
m  im;  stai  <li.nnt‘teis  ot  test  spet  linens  alter  eat  h  run  at 
lllui  i  pm.  In  kv;.  lt»7  I  toi  one  hour  I  his  n  si  i>  dest  i  ihed 
in  AS  l  M  D  2200. 

hth  \  M/o  hint 

Ilit  load-t  at  i  \  ini*  t  apathies  ol  tertain  seletted  mease 
samples  weie  nieasined  on  a  l.ilex  mat  lime  usiny  A I S  l -( 

0  !  da  steel  pins  and  Alsl*(  M  1  d7  \  -|>|ot  ks.  1  he  testing  pi  o- 
t  crime  is  similai  lo  AS  l  M  D  d2dd 

( >\i<{<ilh'H  if\t 

Antioxidant  properties  of  some  pleases  were  determined 
m  an  oxidation  hoinh  under  pure  ow^eti  at  20)  -  2  1-  toi 
100  h.  Relative  .mlioxuiant  alnlitv  was  i.ited  In  nieasm  mi> 
the  diop  in  ow^eii  pressure  altei  |00  h  l  Ins  test  is  de¬ 
st  i  iIk  <1  in  AS  I  M  I)  0 12. 

(  /'(if//  I  f  Ml  UtMoU 

\  loppei  stiij)  was  allowed  lo  leiliain  in  nmiatl  with  die 
luhtuatim;  please  toni. lining  the  complex  sulhde  lot  a  pc 
nod  of  21  h  al  a  spri  ilietl  ton  pel  aline,  \ftei  the  exposm  r 
was  tomplt  led.  the  mu  late  o|  the  top|>ei  spet  unt  il  w.is 
examined  lm  dist  olor.iiiou.  eft  hint;.  piffirit*.  or  odiei  snpis 
of  (mansion  1  his  protedure  is  similar  to  the  method  out¬ 
lined  in  adOd.2  ot  11  MS  No.  TOla. 


Characterization  of  Antimony  Thloantimonate 

\nlunmiv  duoau(tm«»nale  is  a  l  tddid)hi  nw  n  solid  ills.. I 
ill  >le  m  uiosi  oi  nan  it  sol  v  enls  and  mint  i  al  ,u  uU  h  is  si  d  1 1 1  ilt 
m  alkali  and  is  auimphous  h\  Viav  diffiadmn  A  tvpual 
sample  ana  l\  /ed  O’*  *  pt  neiil  Sh  and  dd  pen  eiil  X  i(  alt  d 
Sh  0  pe* ;ent  and  did  peitem  Si  1  lit  dt-usiiv  den-i 
mined  al  2d  (  is  d  *i  ’*  t;  n  f  lie  if  in  mil  stahilil  v  <  •  f  ShXhX 
has  been  investigated  hv  ihei  nmm  av  lineti  u  anahsis  When 
SbShS,  is  healed  in  an  al  0  I  mm.  there  is  appi o\nn.UeJv 
S-peneiil  wt  ii* til  loss  helween  Axn  1  .md  Too  |- .  and  the 
tale  ol  weight  loss  d<*es  uni  hcinine  lapul  with  nu  leasing 
icinpeiaimc  1 1 1  in  l  x-0»  1-  is  ext  ceded  At  7‘»0  }■ .  00  potent 
ot  the  ((impound  lemamed  undo  these  dvnamu  heatmi* 
(ouditious.  Amrritom  (hioaiitunonaie  is  a  potential  taiwli- 
dale  t < »l  model  ale  lo  lm>h-lcinpei  at  m  c  si  liul-lubi  it  am  .ip 
pli* at  ions  A  1  ( »A  (  in  ve  Is  pi  esc  i  lied  in  |-n;me  I .  I  o  fill  thcl 
\ei  i f \  l he  t  on i posit mn  and  t  hai  at  tei  i/e  die  material,  il  was 
heated  in  a  nurnym  atrnospheie  Ii  was  found  in  melt  at 
about.’*  10  (  Afiei  heini*  held  at  ">2d  (  fot  dii  h.  the  sample 
had  lost  0.1  potent  n|  its  original  weight,  whiih  tloselv 
approaches  die  llieoielital  welkin  loss  fot  (onversion  of 
Sh  S  to  Sh  S,.  and  the  resulting  piochm  was  identified  as 
1 1  v stalluie  Sli  S  1>\  N-i  av  <hi  1 1  at  hou  anal' sis. 

Results  and  Discussion 

Lubricating  Properties  of  SbSbS4  on  Chrome  Tool 
Steel  AISI-C-52100 

1  he  piopeities  ol  atnmiouv  thioaiuummate  as  an  anii- 
we.ii  and  exti  enie-pi  essiu  e  additive  tti  \  a  nous  pleases  weir 
evaluated  on  Shell  lom-Hall  I  I*  and  Weai  lesteis  iimii^ 
both  •  hroine-lool  and  siamless-steel  halls,  loi  tefooue 
pin  post's,  the  lulu  it  atmii  pmpeines  ot  .Vpeitent  molvh- 


Fig.  1 — Thermogra vi.'/ietric  analysis  of  SbSbS4  In  air 
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denum  t liMilf m it*  in  ilit  same  Ium'  ijic.ima  wrte  also  delri 
mint  (1  1  lit*  weld  | >t >i i if v  .uni  ur. 1 1  load  indw  es  w  uh  t  hi  ume 
tool  steel  balls  \  \ISl-aJ  |iHl»  writ-  dele!  mined  toi  base 
^h  mm  s,  Imm*  humm'n  t  < mt. titling  Vpemni  autnuouv  llnoaii- 
timonatr,  .uul  lust*  rases  t  Mill. mu t ii*  Vpen  rut  MoS  1  he 
i  esulls  an  i  et  ( a  ded  in  i  .ihle  J  alt  inn  w  it  h  (lit*  m  a i  diaiuelei  s 
betoieueld.  \i  oj»ei  (  ent  t  oiu  enl  l  at  mil.  ant  iinom  thioail- 
li  i  Donate  tSbShS)  lias  antiweai  and  I  I*  piopei  lies  mi  pel  ioi 
lt>  those  ot  niohhdenuili  dlsnltule.  I n  I a<  I .  e\ t  n  t lie  l-pei 
lent  SbSbS  «»nl  pel  t«  n  med  the  Vpeiietit  MoS 

Hiease  A  Hiaphn.il  tonipaiison  ot  the  data  obtained  in  a 
lit h linn  iiic.ht-  K  piesented  m  l  ii»  J 

1  he  weal  pievention  t  h.it ai  lei istn  s  o|  the  loin  base 
Hi  eases.  and  the  same  loniainiiu*  eilhei  a-peitenl 

SbSb.S,  ot  a-peiient  MoS  .  wei e  delei  milled  on  a  lorn -ball 
Weal  1  estei  ai  h>  bn-  1**7  l  .  I’JiHlfpmloi  one  lioni  1  lie 
lesiills  tot  aJ  inn  steel  \s  alMim  steel  and  I  1 1 K  stainless 
steel  \s  I  UK  stainless  steel  air  molded  in  l  able  a  I  he 
weai  piexention  i  hai  ai  lei  isi a  s  with  «  hi ome-steel  balls 
i AIM  .VJItMb  showed  a  slight  impioxemeni  Ioi  the  hi<mm*s 
i  out. lining  SbSbS  and  \|oS  met  t he  i  oi  i  espondim;  base 
Hieases  m  most  «ases  1  heir  is  no  siHinluant  dilleieme  in 
ant iw eat  pi opei  t ies  at  lu-kn  load  between  SbSbS.  and  MoS 
in  all  loin  hi  east  -s 

1  he  ellei  I  oi  aniimom  tinoant imonaie  <  omentiaiion  on 
the  lubtualimi  propel  lies  ot  a  lithium  n«ease  was  imesti 
Hated.  I  he  weld  points  and  load-weat  indues  oi  a  lithium 
Htease  (oiitainniH  b.’>  to  a.^-penent  antmionv  thmanti* 
monaie  were  dele)  mined.  I  oj  lompai/so/j.  the  weJd  poinis 
and  load-weat  indexes  o|  the  same  base  nuase  loniaimnn 
I  to  a-peiienl  MoS  weie  also  obtained.  1  he  results  are 
listed  in  1  able  l  1  best*  lesults  Mtnnest  that  hiHh-pei  Ioi  - 
tnatue  IP  "  <an  be  {oimuialed  with  lotisuleiabb 

lowei  i otu entt  itiotis  oi  SbSbS,  than  ot  MoS  I  lie  icsulis 
ot  \ai  ions  pt  opti  ties  ol  lithium  h*  <  ase  i  oiitamiiiH  a -pet  cent 
SliSbS,  and  j-petient  MoS  ate  molded  in  I  able  a. 

A  lithium  Hiease  (omaimiiH  dillriem  exii rine-piessni e 


Fig.  2— Wear  scar  diameter  vs  load.  AISl-C-52100  steel  balls;  25°C. 
1800  rpm.  10  s. 

add;:i»**s  owlnd'*-^  both  i n o i  o . 1 1 1 1 <  and  oi  Hanometallu 
i  otupounds.  was  im eslin.ited  1  lie  load  weal  mdixes  ol  the 
same  base  Hiease  lont.iimtiH  various  additives  were  delei- 
mmed.  1  lie  Jesuits  aie  piesented  in  l  it*-  -  Ah-uii.  the  mi- 
petioi  extteme-pressme  pi  open  ies  ol  antunom  thuumi- 
tnonate  were  demons! l  ated. 

Prelimmarv  evaluation  ol  the  load  laimnn  piopeitiesol 
various  base  peases  lontamm^  annmmiv  tlnoantimonaie 
(SbSbS.l  and  MoS  wete  tamed  out  on  .i  l  alex  mat  lime. 

I  he  lesults  ate  reioided  m  I  able  t  . 

Lubricating  Properties  of  SbSbS*  on  Stainless- 
Steel  AISI-440C 

In  Hener.il.  i  on osion-resistam  metals  nt  allovs  are  dtlli- 
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(lilt  ki  lulu « .ilc.  t‘s|H'iull\  iiikIi'I  high  lu.id  ( nuihtious.  In 
mans  ,i|)|)Ik  alums.  the  iw  ul  intrusion-resistant  allow  is 
limited  In  srveicvvcai  piohlems.  I  lie  IuIiik anng  properties 
ul  (uu  i  ( III  ten'll  I  nicjm  ( ( ‘ill. in  linn  -’-pen  cm  SI1SI1S,  have 
been  evaluated  v\  iili  MSI  - KK  stamless-steel  lulls  in  a  Shell 
Four-Hall  KI’  I  ester.  For  timtp.trisnn.  the  lubrii.itiug  prop¬ 
erties  ol  the  same  gt cases  containing  7,-pcrieni  molvlxle- 
nmn  disulhde  li.iu-  .ilso  been  determined  on  A1SI--1HK 
At  a peiietil  (  oik  cull  alion  ol  SliShS,  in  lour  greases,  the 
weld  poinis  ol  stainless  sitvl  halls  showed  inipioeeinenls  ol 
Jim  in  pin  pen  cm  over  the  same  greaves  coma  mini; 
pel iciil  moh hde mm.  disiillidc.  lxpciimculal  results  are 
given  m  I  able  7  1  lie  seal  diameter  vs  load  graphs  shown 
in  Fig  I  and  .">  indiiate  dial  die  gi cases  (onlaining  SliShS, 
eslnhil  e\(t  lleiu  response  lo  stainless  steel.  Stainless  steel 
is  dillu  lilt  lo  liibritalc.  and  there  are  sen  few  additives  that 
i  an  imparl  good  response  lo  siliione  greases  as  tonlirmed 
liv  die  tesiilis  oht allied  on  the  siliione  grease  eontaining  ri¬ 
pen  tut  MoS  (see  l  ig  7i).  It  is  significant  that  die  extreme- 
pi  essm e  ptopei ties  ol  the  silu one  grease  (  out, lining  a  pci  - 
lent  SliShS,  are  greailv  improved  over  thus.,  ol  the  hase 
grease  and  die  base  grease  tontaining  j-pert  em  MoS.. 


I  he  weal  prevention  (  harat  tenslii  s  ol  Vpciient  SbSbS 
ill  three  greasv s— lithium,  (lav  and  aluminum  uuiiplex 
greases — were  delet  milled  on  a  Shell  Four-Kail  Weal 
lestei  using  AIS|  IKK :  (stainless  steel  I  balls  I  he  s(.u  di- 
amelers  lot  the  III Itttim  grease  and  the  lithmiii  giease  ion- 
t.iimng  "i-peneni  MoS  wcic  Kill  and  At M l  peneut  l.ugei 
than  lot  the  same  base  giease  < out. idling  aperient  Xb.XhX, 
In  lad.  the  weal  si.n  diamelei  ol  die  lilhium  giease  ( on- 
taming  a-penenl  SbSbS,  on  AISI-I-KK  stainless-steel  balls 
was  onlv  slightlv  target  than  the  weal  si.u  obiaiiied  lot  the 
same  grease  on  AISI-.VJlIMt  lulls  PI  TS  vs  ll.tid  mull.  Fot  j- 
perient  lomemiauoii  ol  MoS  m  a  siliione  giease,  die  weal 
sear  diamelei  was  lai get  thanlb.il  loi  die  base  giease  CJ..VI 
vs  2. 1/7  mini.  Ilowevet.  the  |iieviic  e  ol  V, It  itcnl  SbSbS, 
in  the  same  siliione  giease  resulted  in  I dlt-peri eill  im¬ 
provement  ovi  i  die  base  giease  (see  weal  data  in  1  able  Iti. 

I  able  S  list s  die  i  oinp.il alive  vveai  si  ar  diameters  of  both 
A I  SI  -.72 1 00  and  A I  Si  - 1  KK  .  balls  obtained  lot  the  same  base 
greases  iindei  dilteient  loads  1  lie  ditlt'renies  m  peifoi- 
in. line  between  MoS  and  SbSbS,  m  difleieni  greases  on 
both  ilinmir  .mil  stainless  si  eel  ate  ipme  obvious.  I  lie  re¬ 
sults  in  I  able  H  also  iikIk  ate  that  the  use  ol  MoS  on  stain¬ 
less-steel  balls  is  ipute  limited.  1  lie  good  perlot mam e  ol 
SbSbS,  on  vatious  allov  s  and  in  a  v,u  lelv  ol  greases  lias  been 
i|iiile  universal.  It  is  interesting  to  note  that  lithium  grease 
(untaming  7,-percenl  SbSbS,  gives  sniallei  weal  si.u  di¬ 
ameters  on  AISI-FKK  stainless-steel  balls  under  a  given 
applied  load  and  a  higher  weld  point  than  die  same  grease 
eontaining  .Vpercent  MoS  on  chrome-tool  steel. 


CONCLUSION 

Aulimnnv  ibioaiitmioiiate  incorporated  into  dilleient 
greases  as  a  solid  additive  at  low  lomentration  imparts  out¬ 
standing  extreme-pressure  properties  both  on  chrome  tool 
and  stainless  steels.  At  lower  loads,  die  wear  prevention 
i  hnracteristics  on  tool  steel  in  v  arious  greases  are  conipa- 
tahle  lo  molybdenum  disulfide:  however,  the  wear  preven¬ 
tion  characteristics  ol  antimonv  diioamiiiionale  on  stainless 
steel  in  dillemu  greases  showed  lonsiderable  iinprovemeiit 
over  molvbdenum  ilisullide.  In  general,  antimonv  iliioan- 
limon.ue  showed  excellent  response  toward  both  tool  and 
stainless  steels  in  a  varietv  ol  greases,  mi  hiding  a  siliione 
grease  with  which  verv  lew  solid  lubriiants  are  vompalihle 
Antimonv  thioaniimoiiate  is  a  candidate  solid-lulu  ii  am  ail- 
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Fig. 3— Load  < 


-  indexes  of  various  solid  additives  in  lithium  grease 
(AISI-C-52100  steel  balls). 
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dune  lot  use  midci  e\tremel\  hitjh  In. ids  where  the  mu- 
ventional  solid  lulu  u  .oils  .ue  loiind  to  he  inadequate. 
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DISCUSSION 

JOSEPH  P.  CERINI 

C.C.L.  Company  Incorporated 

Philadelphia,  Pennsylvania  19140 

I  he  authors  should  he  commended  lot  doing  an  ext  cl¬ 
ient  piece  ol  work  in  the  f  ield  of  complex  tnetal  thalcogen- 
ides.  This  is  to  he  expected  since  the\  have  liet-n  doing 
extensive  work  in  this  f  ield  for  mam  vears.  It  is  particularlv 
interesting  to  note  the  results  with  stainless  steel  and  silicone 
greases  since  each,  in  it  s  ow n  wav .  has  inherent  lufu  i<  ating 
problems. 

Have  the  authors  run  or  are  they  t  onteinplating  running 
anv  tests  with  antimonv  thioantmionate  to  as<  erlain  it  s  value 
m  resin-hontletl  solitl  film  luhrit ants- 


DISCUSSION 

A.  A.  CONTE,  JR.  (Member,  ASLE) 

U.S.  Naval  Air  Development  Center 
Warminster,  Pennsylvania  18974 

The  potential  of  complex  chalcogenides  such  as  SliSliS, 
as  improved  solid  luhrit  ant  materials  especially  for  hard-to- 
luhricate  metals  has  been  well  documented  [authors'  ref¬ 
erences  and  (HI)\  and  this  paper  with  its  wealth  ol  data 
continues  to  demonstrate  (his  potential. 

A  property  common  to  complex  i  halt  ogenides  is  that 
dies  are  amorphous  solids.  This  proper! v  is  in  contradiction 
to  what  has  been  generally  considered  to  tie  a  necessary  hut 
not  sufficient  requirement  of  a  good  solid  luhrit  am.  namely 
a  layer-lattice  structure.  Would  the  authors  tare  to  comment 
on  this  observation'-  Is  there  anv  evidence  that  the  tliioan- 
limonale  anion  is  really  present,  that  is.  Sli  in  the  +5  oxi¬ 
dation  state  and  the  Sb  cation  in  the  +  :l  oxidation  state,  or 
is  it  possible  that  a  co-precipitation  took  place  in  which  sul- 
lur  was  intercalated  into  the  structure  of  Sli,Sb,r 

In  the  preparation  ol  complex  chalcogemdes  suc  h  as 
FeMoS,,  the  resultant  product  is  really  a  mixture  ot  FeS, 
and  MoS,  but  in  an  intimately  mixed  state  due  to  co-pre¬ 
cipitation.  Physically  mixing  FeS,  and  MoS.j.  however, 
would  not  provide  the  same  beneficial  results.  Finally,  how- 
reproducible  are  these  results  from  batch-to-batch  prepa¬ 
rations  and  what  is  the  anticipated  cost  of  SbSbS.,  relative 
to  MoSj? 
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DISCUSSION 

M.  B.  PETERSON  (Member,  ASLE) 

Wear  Sciences 
Arnold,  Maryland  21012 

I  lie  authors  have  presented  some  very  interesting  results 
concerning  a  new  lubricant  additive,  'antimony  sulfide." 

I  heir  basic  conclusion  is  that  it  is  much  (letter  than  MoS, 
in  that  it  incteases  the  weld  load  to  extremely  high  values 
even  with  dill ic  ult-to-lubi  ic ate  metals  sue  h  as  stainless  steel. 

Since  the  authors  have  used  standard  lest  deuces,  the 
results  mote  oi  less  speak  lot  themselves.  I  here  are.  how¬ 
ever.  a  few  general  questions  which  can  lit-  raised. 

I  MoS,  does  not  v ield  a  panic  ulai  Iv  high  weld  load  w  lien 
used  in  greases.  Have  the  authors  c (imputed  their  re¬ 
sults  with  organic  suit  iclc-s  sin  It  as  di-hen/v  1.  di-phenv I. 
or  di-oc  t  \  I  - 

2.  l)o  the  authors  intend  a  dtiec  t  c  ompanson  with  MoS,: 
In  other  words,  are  they  proposing  (hat  tliec  are  more 
or  less  interchangeable  loi  the  same  types  ol  appli¬ 
cation-  If  so,  do  they  liaye  a  comparison  of  the  two 
compounds  dn  - 

Ik  Would  the  authors  speculate  on  the  mechanism  of 
lubrication  with  this  compound':  Is  it  a  low  shear 
strength  material,  or  is  there  some  sulfur  reaction 
which  gives  the  high  weld  loads: 

AUTHORS’  CLOSURE 

In  reply  to  a  point  raised  by  both  Messrs.  Conte  and 
Peterson  concerning  the  possible  lubrication  mechanism  of 
antimony  thioantmionate — the  fact  that  this  amorphous 
sulfide  is  so  effective  as  a  lubricant  is  intriguing  to  us.  Work 
is  in  progress  both  at  the  National  Bureau  of  Standards  and 
at  our  company  to  investigate  different  aspects  that  may 
shed  light  on  the  mechanism. 

In  response  to  the  questions  raised  by  Mr.  Peterson  re¬ 
garding  comparison  of  results  of  organic  disulfides  and 
MoS,  with  antimonv  thioantimonate — the  reason  that  we 
listed  the  performance  data  ol  MoS,  is  solely  for  reference, 
I’lie  weld  points  of  the  same  base  grease  containing  an 
organic  disulfide  have  neen  determined  and  the  results  are 
given  in  Fable  1)1.  A  study  using  antimonv  thioantimonate 
as  a  dry  lubric  ant  has  been  undertaken  by  the  National  Bu¬ 
reau  of  Standards. 

Mr.  ( '.onte  raised  an  interesting  question  regarding  a  pos¬ 
sible  structure  of  antimony  thioantimonate  which  may  tesult 
from  elemental  sulfur  intercalated  into  Sb,S,  lattice.  In¬ 
tercalation  consists  ol  insertion  ol  a  guest  species  into  a  host 
stiucture  with  substantial  retention  ol  the  stiuctural  fea¬ 
tures  ol  the  host.  Virtually  all  ol  the  mien al.tlion  com¬ 
pounds  exhibit  X-ray  diffraction  pattei ns  rvlucll  aic  clitlel 


James  P.  King  and  Y'avesh  Asmekom 
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Table  Dl— Weld  Points  oe  Lei  hum  Grease  Containing 
Various  Addi  lives 

Lithium  Grease 

Weld  Point,  kg 

140 

Lithium  Grease 
+  5%  MoS*. 

250 

Lithium  Grease 
+  5% 

Dibenzyl 

Disulfide 

180 

Lithium  Crea  te 

+  59f 

Diphenyl 

Disulfide 

160 

Lithium  Grease 
+  5<? 

Pioctvl 

Disulfide 

126* 

Lithium  Grease 

+  V'i 

SbShS-t 

400 

Lithium  Grease 

+  59t 

SbSbS-i 

760 

•Diuctvl  disulfideTs  a  liquid  at  room  temperature  and  the  grease  strut  lure 
was  dcslroved  upon  addition  ol  '» rr  diixtvl  disullide  1  his  niav  explain  lhal 
its  weld  point  is  lower  (han  the  'use  grease 


;  till  from  those  of  the  hosts  because  of  expansion  of  lattices.  mance  results  has  been  obtained  from  different  batches  of 

Since  antimony  thioantimonate  is  amorphous,  formation  of  antimonv  thioantimonate.  An  estimate  cost  of  antimony 

an  intercalation  structure  in  this  case  is  doubtful.  thioantimonate  will  be  available  upon  completion  of  our 

flood  reproducibility  on  elemental  analysis  and  perfor-  current  scale-up  study. 


appendix  ii 


EFFECT  OF  ANTIMONY  Till  OANT I  MON  ATE  IN  GKEASES 
ON  AbKAS IVE  WEAK 


J.  P.  King 
Pennwalt  Corporation 
King  ol  Prussia,  PA  19406 

Yayesh  Asmerom 
Pennwalt  Corporation 
Krng  ol  Prussia,  PA  19406 


M.  J.  Device 
General  Technology 
Havertown,  PA  19086 


Abstract:  There  is  a  crucial  need  for  effective  lubricant 

additives  that  are  capable  of  preventing  damage  that  may 
occur  due  to  contamination  of  lubricating  systems  by  abra¬ 
sive  particles.  This  is  an  essential  requirement  for 
lubricants  used  in  equipment  and  military  vehicles  that  are 
operated  in  sandy  environments.  The  effect  of  antimony 
thioantimonate  (SbSbS4)  in  three  base  greases — MIL-G-10924  , 
MIL-G-24 139 ,  and  MIL-G-81322 — was  investigated.  The  pres¬ 
ence  of  SbSbS4  in  these  greases  provided  considerable  im¬ 
provements  in  weld  point,  load  wear  index,  and  wear  preven¬ 
tion  properties  with  two  different  alloys.  Moreover, 
impressive  wear  resistance  properties  were  imparted  by  low 
concentrations  of  SbSbS4  in  these  greases  deliberately  con¬ 
taminated  with  hard  abrasive  particles.  The  combination  of 
outstanding  EP  and  antiwear  characteristics  and  anti-abra- 
s. ion  properties  of  antimony  thioantimonate  makes  this 
material  an  attractive  candidate  as  a  grease  additive.  Ex¬ 
tensive  field  testing  of  greases  containing  this  material 
is  recommended. 


Key  words:  Solid  lubricant  additive;  antimony  thioanti¬ 
monate;  abrasive  wear;  extreme  pressure  and  antiwear  prop¬ 
erties;  grouses. 


INTRODUCTION 


Abrasive  wear  is  well  recognized  as  the  primary  cause  of 
surface  damage  for  military  vehicles  and  equipment  as  well 
as  industrial  machinery. 1  This  form  of  wear  is  encountered 
when  foreign  materials,  e.g.,  sand,  grit  or  other  hard 
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Ma  i  nt  oiiam-o  Technology  Improvements,  sponsored  by  the 
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[»>ut  n  i .  become  entrained  in  tlic  lubricant.  Sourccy  of 
.such  iiard  particles  include  airborne  contaminants  entering 
i.  he  system  dunmj  equipment  assembly  or  repair,  finely 
divided  wear  products  from  system  components,  fine  debris 
resulting  from  oxidation  or  corrosion,  and  operation  in 
sandy  environments.  Accordingly,  a  critical  property  of  a 
lubricant  material  or  additive  is  its  ability  to  prevent  or 
minimize  component  wear  in  the  presence  of  hard  abrasive 
particles . 

Antimony  thioantimonate  (SbSbS^,  when  incorporated  into  a 
number  of  selected  greases  as  a  solid  additive  at  low  con¬ 
centration,  imparts  outstanding  extreme  pressure  properties 
on  both  chrome  tool  and  stainless  steels. 2  An  initial 
evaluation  of  SbSbS4  in  several  military  greases  was  con¬ 
ducted  with  the  objective  of  selecting  one  or  more  of  these 
greases  to  be  formulated  with  SbSbS4  for  field  evaluation 
involving  sandy  environment.  To  investigate  additive  re¬ 
sponse  in  the  presence  of  abrasives,  a  grit  material  having 
precise  composition  and  known  particle  size  was  incorpor¬ 
ated  into  those  greases  with  and  without  the  presence  of 
SbSbS4 .  The  extreme  pressure  and  antiwear  characteristics 
of  these  greases  with  and  without  SbSbSq  and  M0S2  as  addi¬ 
tives  were  determined  and  compared. 

PREPARATION  OF  ANTIMONY  THIOANTIMONATE  (SbSbS4) 

Antimony  thioantimonate  was  prepared  by  the  modified  pro¬ 
cedures  as  described  in  Progress  Report  No.  7.  A  large 
supply  of  this  material  was  synthesized  in  preparation  for 
the  coming  field  evaluation. 

GREASES 

Three  fully  formulated  greases  meeting  the  following  mili¬ 
tary  specifications  were  used  as  base  materials: 

MIL-G-10924  -  Grease,  Automotive  and  Artillery  (GAA) 
MIL-G-24139  -  Grease,  Multipurpose  Quiet  Service 
MIL-G-81322  -  Grease,  Aircraft  General  Purpose  Wide 
Temperature  Range 

GRIT  MATERIAL 

The  grit  material  used  in  abrasive  study  was  supplied  by 
the  A/C  Division  of  General  Motors  Corporation,  Flint, 
Michigan.  It  has  an  average  particle  size  of  60-80  r  and 
the  following  composition: 


Bio  : 
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Fe2U3 
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CaO 
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Wa  -iO 

5 1 

ignit ion 

Loss  2-3‘i 

VEST  METHODS 
FaieX  Kadi  me 


The  abrasive  wear  study  was  carried  out  on  a  Falex  machine 
using  AISI-C-3135  steel  pins  (R^ST-ai)  and  AISI-C-1137  V- 
blocks  ( Rc 2  0-24)  .  The  testing  speed,  temperature,  and  load 
were  390  rpm,  77°F,  and  100  lbs,  respectively.  The  follow¬ 
ing  procedures  were  employed. 

1.  Test  specimens  (pin  and  V-blocks)  were  cleaned  with 
xylene  followed  by  acetone  and  then  air  dried. 

2.  Test  pin  was  inserted  in  pinholder. 

3.  Grooves  of  V-biocks  were  filled  with  grease  sample  and 
struck  flush. 

A.  V-blocks  were  set  in  their  sockets. 

j.  Jaw  loading  assembly  was  mounted  on  lever  arms. 

i. .  daw  load  was  brought  to  a  gauge  load  of  100  lbs  (manual 
turning  of  ratchet  wheel) . 

7.  Drive  motor  was  started  and  test  run  to  30  seconds,  or 
lo  failure  if  prior  to  30  seconds.  Failure  was  indi¬ 
cated  by  rupture  of  pin  or  rapid  torque  increases  above 
•iG  in-lb  and  excessive  noise. 

...  Test  pin  was  cleaned  with  xylene  and  acetone  before 
making  visual  observation. 

in  .a  i  —  n.i  1  J  Yes  tors 

The  extreme  pressure  and  antiwear  properties  of  the  greases 
wen.’  determined  on  Shel]  Four-Ball  EP  and  Wear  Testers. 
These  testers  consist  of  steel  spherical  specimens  sliding 
..gainst  eacn  other.  Weld  points  and  load  wear  indices  were 
Yolo. trained  in  a  series  of  runs  (10  sec.,  1800  rpm  at  77°F) 
conuucted  at  various  loads,  and  scar  diameters  were  meas¬ 
ured  after  each  run  in  accordance  with  ASTM-D-2596.  Wear 


|ii  cvi'iil  urn  ciuu  ,u'li  i  l:,  Lieu  we U;  determined  by  measuring 
..e,..i  uiumeters  oi  Lest  specimens  after  each  run  at  specx- 
;  la,  rpm,  load,  temperature  and  duration  (ASTM-D-22GG )  . 

Vvvu  alloy:;  —  chrome  tool  s tee  1  AIS1-C-52100  and  stainless 
at  eel  /\  1  .SI  -  14  0C  — were  used. 

bob' Li  a  /ihb  biSCbbSlON 

iunmive  Wear  Study 

Abrasive  wear  tests  were  conducted  with  the  Fa lex  machine 
Lor  the  three  base  greases  (MIL-G-10924 ,  MIL-G-24139,  and 
HIL-G- 81392) ,  the  three  base  greases  with  5%  M0S2 ,  the 
uhree  base  greases  with  5 i  SbSbS4 ,  and  same  modified 
greases  containing  abrasive  particles.  The  results  for  the 
abrasive  wear  resistance  imparted  by  5%  concentration  of 
SbSbS  4  in  MIL-G-10924  and  MIL-G-24139  greases  are  presented 
in  Figure  1.  It  can  be  observed  that  severe  wear  and  sur¬ 
face  damage  occur  with  either  MIL-G-10924  or  MIL-G-24139 
(both  containing  5i  grit);  however,  SbSbS4  virtually  elim¬ 
inates  such  wear  and  surface  damage.  Wear  effects  were 
also  noted  with  MIL-G-81322  in  the  presence  of  abrasive 
particles,  although  the  base  grease  is  originally  formu¬ 
lated  to  provide  some  degree  of  protection  from  surface 
damage  in  sliding  contact.  The  presence  of  SbSbS4  further 
improved  tne  antiwear  properties  of  this  grease.  The  pre¬ 
sence  of  Mot 2  in  all  the  three  base  greases  also  provides 
some  degree  of  surface  protection;  however,  by  visual  ob¬ 
servation  the  results  are  not  as  evident  in  all  cases  as 
those  obtained  with  SbSbS4 . 

extreme  Pressure  and  Antiwear  Properties 

As  indicated  earlier,  all  three  base  greases  studied  had 
been  fully  formulated  at  the  source  in  order  to  meet  the 
military  specifications,  i.e.,  they  contained  additives. 

Our  primary  interest  was  to  improve  abrasive  wear  resist¬ 
ance  of  these  greases  by  incorporation  of  SbSbS4,-  however, 
Lin-  extreme  pressure:  and  antiweur  properties  were  also  ob¬ 
tained  in  order  to  determine  whether  these  performance 
properties  were  further  improved  by  the  presence  of  SbSbS4 . 

Wo  found  that  the  weld  points  and  load  wear  indices  of  MIL- 
G-10924  could  be  considerably  improved  by  the  presence  of 
1  to  5t  SbSbS4-  At  5S,  concentration  of  MoS2  no  increase  in 
wu.Ld  point  of  this  grease  was  observed;  however,  its  load 
wear  index  was  somewhat  higher  than  the  base  grease.  In¬ 
deed,  the  UP  properties  of  the  base  grease  containing  1?. 
SbSbS.)  were  found  to  be  superior  to  those  of  the  same  base 
grease  containing  MoS2 .  The  antiwear  characteristics  of 
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Yln_:  V.’i.iil  :  oJiit  al.u  loud  v.i  -  at'  inaeX  oi  Ml  L-(J- 2  4  a  J  9  COntain- 
uuj  !  „  LLLLi'i.j  ware  s  ujin !  .  candy  higher  than  those  oi  the 
base  ijiuaiif .  The  Wc lii  point  and  Iona  wear  index  of  the 
base  grease  containin.j  Mod-  Were  lower  than  that  of  the 
name  base  grease  containing  1 1  Lb Lb b 4 .  The  wear  prevention 
character  a  st  ic._  u;  samples  of  tne  un  grease  containing  It 
dbdbd.-j  aria  .>  Mod;- ,  respectively ,  were  comparable  and  were' 
a  dramatic  improvement  over  the  base  grease  on  both  ci.roine 
tool  and  stainless  steels.  The  experimental  data  are  re¬ 
corded  in  table  II  and  a  graphical  presentation  is  shown  in 
Figure  3. 

Because  of  insufficient  supply  of  MIL-G-81322  grease  avail¬ 
able  to  us  at  this  time,  load  wear  indices  were  not  deter- 
.’.iined .  The  weld  points  of  MIL-G-81322  containing  1  and  31 
SbSbS4  snowed  25  and  100 -c  improvements  over  the  base  grease, 
respectively.  With  3%,  Mo  So  a  weld  point  increase  of  56% 
was  observed.  The  base  grease,  as  originally  formulated, 
showed  good  wear  prevention  characteristics  on  chrome  tool 
steel.  Me  significant  improvement  of  wear  prevention  char¬ 
acteristics  on  Loth  chrome  tool  and  stainless  steels  was 
acniuved  by  incorporation  of  MoS?  or  SbSbS4  into  the  base 
grease.  The  results  are  listed  in  Table  III. 

'.JUhCljUS  lows 


1.  Tiie  abrasive  wear  resistance  of  both  MIL-G-10924  and 
MIL-G-24139  greases  was  dramatically  improved  by  in¬ 
corporation  of  low  concentrations  of  SbSbS,). 

2.  The  extreme  pressure  and  antiwear  properties  of  three 
base  greases — MIL-G-10924,  MIL-G-24139,  and  MIL-G-81322 
— were  greatly  enhanced  by  using  SbSbS^  as  a  solid 
additive.  At  a  lower  concentration  this  additive  out¬ 
performed  M0S2  >n  all  cases. 

;.  Ant  Lruony  thioant  uuonute  showed  good  response  to  both 
ciirome  Looi  steel  AISi-C-52100  and  stainless  steel 
A1SI-440C  in  all  three  base  greases  investigated. 

1.  t  I  th*-  pi  i.-:;eiiei  •  ol  GJ»:;b:.;,j  in  these  three  base  greases 
aoes  not  adversely  affect  other  properties  such  as 
waiter  washing  out,  rust  prevention,  drop  point,  etc. 
(investigation  of  some  of  these  properties  is  planned), 
ii'  use  of  SLtb.hj  as  a  solid  additive  in  these  greases 
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s .  Tuese  icoulU  with  sbsbs4  as  extreme  pressure  and  unti- 
v:<  -,i  r  .,'ixiiL  biiinvtc  potential  lor  significant  impact 
covering  major  improvements  for  lubricating  greases, 
e s i »c e  i ally  Clio  current  i-ilL-G-10y24  (GAA)  improvements 
being  pursued  by  the  U.  S.  Army  Mobility  Equipment 
iveseai'cii  and  Development  Command  (DKDME-GL)  ,  For t  bei- 
voir,  Va. 
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Table  I .  Weld  Points,  Load  Wear  Indices,  and  Wear 
Scar  Diameters  of  MIL-G-10924  Grease 
Containing  Additives 


,  ,  Wear  Scar 
Grease  Composition  Weld  Point,  LWI1  Diameter, 
_ kcj _ mm _ 


MIL-G-10924 

Grease  (GAA) 

160 

29.3 

0.62 

"  + 

1%  SbSbS4 

250 

39.4 

0.59 

"  + 

5%  SbSbS4 

315 

56.7 

0.59 

"  + 

5%  MoS_ 

160 

38.4 

0.57 

1.  ASTM-D-2596  -  AISI  52100  Steel 

2.  ASTM-D-2266  -  1200  rpm,  40  kg,  167°F  for  one 
hour  on  AISI  52100  steel 


Figure  1.  Effect  of  SbSbS4  on  Abrasive  Wear 


The  outstanding  wear  resistance  properties  imparted  by  SbSbS4  to  greases 
containing  grit  particles  (primarily  Si02  60-80  y)  are  illustrated  by  these 
Falex  pins 

a  «  grease  MIL-G-24139  with  5%  grit 

U.  _  ft  II  ft  It 
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and  5%  SbSbS4 
and  5%  SbSbS4 


Scar  Diameter 
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